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Type 1 diabetes woman with repeated miscarriages successfully gave
birth after introducing an insulin pump with a predictive low glucose
suspend feature
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Abstract

Sensor-augmented insulin pump therapy with a predictive low glucose suspend (SAP-PLGS) feature is a remarkably pro-
gressed modality for the glycemic management of patients with type 1 diabetes. This technology avoids nocturnal hypo-
glycemia and severe hypoglycemia. A Brazilian woman developed type 1 diabetes at age 11 and was treated with multiple
daily insulin injections. At age 20, she was admitted to our internal medicine department for her first pregnancy. Her HbAlc
was 7.9% in the 6 weeks of gestation. Although the combination of continuous subcutaneous insulin infusion and a sensor-
augmented pump was introduced, she had a miscarriage in the next week. After 6 months, she became pregnant again.
Despite an HbAlc of 7.2%, she had another miscarriage. Thereafter, she returned to multiple daily insulin injections and
began using intermittently scanned continuous glycemic monitoring. At age 22, she had her third pregnancy. Her HbAlc
was 7.3%. SAP-PLGS was then introduced, which reduced her frequent hypoglycemic events and blood glucose fluctuations.
She gave birth to a 4137 g boy at 39 weeks without significant complications. Successful delivery can be obtained in women
with type 1 diabetes following repeated miscarriages after introducing SAP-PLGS. We hypothesize that the modality might
contributed to our patient’s miscarriage avoidance by reducing her glycemic fluctuations.
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Abbreviations Introduction

SAP Sensor-augmented pump therapy

PLGS Predictive low glucose suspend feature The incidence of spontaneous miscarriage is high in preg-
TIR Time in range nant women with type 1 diabetes [1]. Tight glycemic control
BMI Body mass index during the perinatal period is essential to reduce the risk
GAD  Glutamic acid decarboxylase of perinatal and obstetrical complications [2-5]. Maternal
1A-2 Anti-insulinoma-associated antigen-2 glycemic fluctuations and severe hypoglycemia should be
AUC  Area under the curve avoided [6, 7]. A recent report showed that the ideal glyce-
GLUT Glucose transporter mic achievement ratio in type 1 diabetes during pregnancy

is 70% or more time in range (TIR) measured as follows:
63-140 mg/dL; 4% or less time below range measured as
less than 63 mg/dL; 1% time below range at less than 53 mg/
P4 Kunimasa Yagi dL; and less than 25% time above range at greater than or

yagikuni@med.u-toyama.acjp equal to 140 mg/dL [8]. However, achieving this target is
challenging for pregnant women with type 1 diabetes. Striv-
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control in pregnant women with type 1 diabetes [9]. The
SAP system provides a corresponding amount of insulin to
treat transient hyperglycemia. However, ordinary SAP sys-
tems sometimes induce insulin over-compensation result-
ing in severe hypoglycemia and glycemic fluctuations. SAP
systems have evolved and can now provide a predictive low
glucose suspend (SAP-PLGS) feature. SAP-PLGS makes it
possible to avoid severe hypoglycemia following the com-
pensation of insulin to mitigate transient hyperglycemia [10,
11]. SAP-PLGS may help prevent the vicious hyperglyce-
mia—-hypoglycemia cycle and improve glycemic control;
however, the clinical significance of SAP-PLGS has not
been well validated. We present a case of a woman with
type 1 diabetes who had experienced repeated miscarriages
with an ordinary SAP but successfully gave birth when using
SAP-PLGS.

Case report
Diagnosis and management of type 1 diabetes

A Brazilian woman emigrated to Japan at the age of 10 and
subsequently suffered from bronchial asthma and mumps.
Around 1 year later, she was admitted to our hospital for a
mouth rash, polydipsia, and weight loss. Her blood glucose
level was raised at 654 mg/dL, her HbAlc was 11.9%, and
her anti-GAD and anti-IA-2 antibodies were positive. She
was diagnosed with type 1 diabetes at the age of 11. Her
physical findings at the time of diagnosis were as follows:
height 169.0 cm, body weight 61.9 kg, body mass index
(BMI) 21.7, blood pressure 100/50 mmHg, and heart rate
85 per minute. Except for one grandfather diagnosed with
type 2 diabetes, she had no family history of diabetes. With
her HbAlc levels maintained at 6-8%, the patient had no
diabetic retinopathy, stage 1 nephropathy, and no neuropa-
thy during junior high school. Multiple daily injections of
insulin were introduced. Her clinical visits were irregular
due to socioeconomic reasons.

First pregnancy

At the age of 20, the patient was admitted to our internal
medicine department for her first pregnancy. As her HbAlc
was 7.9% in the 6 weeks of gestation, she was hospitalized
for glycemic management. She received 40 units of insulin
glargine in the morning and eight units of insulin aspart
before each meal. On the day of admission, symptomatic
hypoglycemia with a blood glucose level of 55 mg/dL was
observed. She experienced frequent episodes of nocturnal
cold sweats and was unable to wake up early in the morning.
The SAP system MiniMed 620G (Medtronic Inc., MN, USA)
was introduced from the admission, and its record showed
glucose fluctuations and severe nocturnal hypoglycemia.

Furthermore, the pattern of its episode records suggested
two possible reasons for the fluctuations. One was the
administration of excessive insulin after hyperglycemia. The
second was postprandial hyperglycemia with mismatched
timing, dosage of insulin, and carbohydrate—insulin ratios.
Although the insulin regimen was changed, repeated symp-
tomatic hypoglycemia persisted. With basal insulin set at 21
units per day in total, the prescribed carbohydrates—insulin
ratio was 0.7-0.9 U/exchange for each meal with an insu-
lin sensitivity factor of 50-70 mg/dL/U. Unfortunately, in
the 7 weeks of gestation, the patient had a miscarriage. Her
12-day sensor records through the fifth week showed a mean
sensor glucose level of 149 +59 mg/dL. The average area
under the curve (AUC) > 140 mg/dL was 29.7%, and the
average AUC <70 mg/dL was 1.1% (Fig. 1a, Table 1).

Second pregnancy

After 8 months, the patient was found to be in the 6 weeks
of gestation in her second pregnancy. Her HbAlc was 7.2%,
glycoalbumin 20.4%, total basal rate 27.8 U/day, and carbo-
hydrate—insulin ratio 0.8-0.9 U/exchange. In the 9 weeks
of gestation, a spontaneous miscarriage was observed. Her
HbAlc was 6.8% and glycoalbumin 18.2%. Her sensor data
showed that a mean sensor glucose level of 125 +51 mg/
dL, mean AUC > 140 mg/dL of 15.0%, mean AUC <70 mg/
dL of 1.4% (Fig. 1b, Table 1). After this miscarriage, she
returned to multiple daily insulin injections and began using
the intermittently scanned continuous glycemic monitoring
because of the financial burden. Although the miscarriage
was repeated, she was negative for anti-phospholipid autoan-
tibody syndrome, and thyroid dysfunction.

Third pregnancy

At the age of 22, she was determined to be in the 6 weeks
of gestation in her third pregnancy. Her treatment was 20
units of insulin degludec in the morning and 10 units of
insulin aspart before each meal. Her HbAlc was 7.3% and
glycoalbumin 20%. The SAP-PLGS system MiniMed 640G
(Medtronic Inc., MN, USA) became commercially available
in Japan just before her third pregnancy. The MiniMed 640G
is practically the same as the MiniMed 620G except for
the PLGS add-on. The introduction of the MiniMed 640G
helped her avoid severe hypoglycemia due to hyperem-
esis. The SAP data showed a reduction in hypoglycemia.
Although the mean sensor glucose level of 125 +43 mg/
dL was the same as in her second pregnancy, the fluctua-
tions improved dramatically with a mean AUC > 140 mg/
dL of 11.3% and a mean AUC <70 mg/dL of 0.5% (Fig. 1c,
Table 1).

With the stabilization of her glycemic control, her appe-
tite and bolus insulin doses increased. Until the 35 weeks
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Fig.1 a—d Glycemic fluctuation shown through the demographic
records of diurnal glycemic changes with intermittently scanned con-
tinuous glycemic monitoring for 72 h in three pregnancy periods; a
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Fig.1 (continued)
Table 1 Summary of record obtained from SAP glycemic monitoring in three pregnancy periods
First pregnancy Second pregnancy Third pregnancy
HbA Ic at the sixth week of the pregnancy (%) 7.9 7.2 7.3
Average of diurnal glucose level (mg/dL) 149 +59 125+51 125+43
Ratio of time range with average AUC above 140 mg/dL (%) 29.7 15.0 11.3
Hyperglycemic episodes (/day) 4.2 33 29
Hyperglycemic episodes due to the over-compensation of hypoglyce- 0.8 0.8 0.8
mia (/day)
Ratio of time range with average AUC blow 70 mg/dL (%) 1.1 1.4 0.5
Hypoglycemic episodes (/day) 2.5 2.1 1.4
Hypoglycemic episodes following hyperglycemia (/day) 0.5 0.5 0.3
Total daily insulin (U/day) 42.9+5.7 46.3+84 34.8+8.3
Basal daily insulin (U/day) 21.7 272 13.5
Bolus daily insulin (U/day) 21.3 19.1 21.3
Basal insulin to bolus insulin ratio 50/50 59/41 39/61
Low glucose suspension (min/day) - - 11
Predictive low glucose suspension (min/day) - - 249
Name of device MiniMed 620G MiniMed 620G MiniMed 640G

Data are means + standard deviations or n (%) unless otherwise specified. Hyperglycemic episodes, blood glucose levels above 140 mg/dl for
more than 30 min; Hypoglycemic episodes, blood glucose levels below 70 mg/dl for more than 30 min

SAP sensor-augmented pump therapy

of gestation, she gained 24 kg, blood pressure increased
slightly, and lower limb edema was observed. Following
hospitalization, her body weight and daily insulin doses were
decreased (Fig. 1d).

At 39 weeks and 3 days, she delivered a baby boy weigh-
ing 4137 g (+3.2 SD) with a pH of 7.255, blood glucose
level within the normal range of 69 mg/dL, and an Apgar
score of 8/10 via a semi-urgent Caesarean section because
of obstructed labor. The boy was admitted to the neonatal
intensive care unit for observation for just 1 day without
hypoglycemia and neonatal respiratory distress. The post-
partum basal insulin dose was 10 units, and the carbohy-
drate—insulin ratio was changed to 0.9 U/exchange with
frequent hypoglycemia. After the delivery, she returned

to multiple daily injections at her request. Her HbAlc was
stable at 5-6% with breastfeeding. She did not develop her
diabetic retinopathy and nephropathy throughout the preg-
nancy periods.

Discussion

A woman with type 1 diabetes and twice history of sponta-
neous miscarriage gave birth following treatment with SAP-
PLGS in her third pregnancy. Her SAP records showed a
reduced average AUC and reduced glycemic fluctuations.
Figure 1 showed a reduction in the AUC <70 mg/dL and
AUC > 140 mg/dL in the third pregnancy. TIR >70% was
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achieved from the first to the second pregnancy. The SAP-
PLGS also prevented the further deterioration of her hypo-
glycemia. As a result, the frequency of severe hypoglycemia
(<53 mg/dL) was significantly reduced. The ideal glycemic
achievement ratio was attained through the course [8].

The moderate hypoglycemia (< 63 mg/dL) that occurred
frequently after insulin supplementation suggested insu-
lin over-compensation. The amount of basal insulin was
reduced from the first pregnancy to the third. In parallel,
rebound hyperglycemia elicited by hypoglycemia was
reduced. Her severe hypoglycemia and glycemic fluctuations
were resolved concomitantly following the introduction of
SAP-PLGS, which is line with previous reports [12, 13].

We believe that an improvement in glucose fluctuations
contributed to the continuation of our patient’s third preg-
nancy. Severe hypoglycemia in type 1 diabetes pregnancies
has been found to be 15 times higher with intensive insulin
treatment than conventional treatment [14, 15]. In diabetes
pregnancies, placental expression and the activity of the glu-
cose transporter (GLUT) is modified by an excessive sup-
ply of energy substrates to the fetus [16]. Placental GLUT
overexpression during pregnancy is a reasonable response to
preserve an intrauterine fetus. Since the fetus is resilient to
maternal hypoglycemia, maternal hypoglycemia is generally
ignored as it is considered harmless. Maternal hypoglycemia
has not been reported to increase the risk of congenital dis-
abilities, fetal death, fetal physiology (fetal heart, breathing,
or body movement), umbilical artery Doppler waveforms,
or neonatal intelligence [7]. However, hypoglycemia and
its unawareness increase the risk of neonatal respiratory
distress and pre-eclampsia [17]. The causes of recurrent
miscarriages are multifactorial, chromosomal, anatomical,
and immunological [18]. It has been proposed that abnor-
mal changes in uteroplacental vascular development due to
severe hypoglycemia play a role [19]. Severe hypoglycemia
elicits vascular contractility and platelet activation [20],
resulting in placental ischemia. Revealingly, hypoglycemia
during pregnancy in the first trimester is teratogenic in ani-
mal models [21]. In other words, no case reports, no human
studies, but several animal studies showed the association
between glucose fluctuations and hypoglycemia to miscar-
riage. Avoidance of a similar incident with SAP-PLGS use
could have resulted in the optimal outcome in our patient’s
third pregnancy.

In the current case, the baby’s birth weight exceeded
4000 g. Although the woman received repeated dietitians’
nutrition guidance, she has ignored and kept excessive
intakes resulting in 24 kg body weight gain during the third
pregnancy. Although HbA1c levels in the third trimester pre-
sent the most prominent risk, maternal BMI and weight gain
during pregnancy contribute significantly to macrosomia
[22]. Some components of macrosomia could be explained
by the placental GLUT overexpression, and the macrosomia
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rate can be reduced with an increase in TIR during the sec-
ond and third trimesters [23]. Glycemic fluctuations could,
therefore, correlate significantly with macrosomia. Excess
body weight gain in pregnant women increases the risk of
macrosomia, too [24]. Both glycemic fluctuations and mater-
nal weight gain strongly suggest underlying insulin over-
compensation [25]. In our patient, the glycemic fluctuations
were controlled with SAP-PLGS, even with the persistent
insulin over-compensation. Given her morbid weight gain,
the intervention against insulin over-compensation was the
primary goal of management to prevent macrosomia.

Conclusion

The reported patient experienced two miscarriages with
ordinary SAP; however, she could reach and achieve child-
birth while using SAP-PLGS. More attention should be paid
to glycemic fluctuations during pregnancy when managing
patients with type 1 diabetes.
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